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Airway management continues to be a challenging task for healthcare practitio-
ners and when it comes to critical settings; it carries more challenges even for the 
skilled persons. Critical settings could be in fact of suits; where intervention takes 
place, equipment or practitioners taking care of airway management. Critically 
ill patients with multiple comorbidities, increasing oxygen demand and high 
respiratory work; that may require elective airway securing. Various protocols, 
guidelines and recommendations advocated for this task with the prospects of less 
hemodynamic alteration and prevention of pulmonary aspiration. In the former, 
starting oxygen therapy for all critical patients on admission was a routine following 
the concept; if some is good, more must be better. Nowadays excess oxygen may 
be unfavorable in some acute critical conditions e.g. ischemic strokes, post-acute 
myocardial infraction and those with hypercapnic respiratory failure. However, 
still high flow inspired oxygen concentration is the protocol until they are stable 
then its reduction to reach the targeted arterial oxygen saturation. Oxygen devices 
used for oxygen delivery are plenty and its selection depends on the many factors; 
airway patency, patient’s conscious level and compliance, and assessment of gas 
exchange based on arterial blood sample which is recommended for all critically 
ill patients. Early prompt evaluation of the airway and assessment of gas exchange 
using arterial blood sample analysis is curial in all critically ill patients to guide for 
subsequent oxygen supply and whether the patient needs ventilatory support or 
not. This chapter will focus on airway management, oxygen therapy and types of 
ventilatory support required for adult critically ill patients, while other situations’ 
airway management’s tools and skills will be discussed in another ones.
Keywords: airway, management, critical, hemodynamic, hypoxemia, guidelines, 
FONA
1. Introduction
Airway patency is crucial and vital for maintenance of life occurs naturally in the 
awake and conscious individuals or can be accomplished artificially in those becom-
ing unable to maintain it. Incapacity of this might be intentional; as in medical proce-
dures requiring deep sedation and/or general anesthesia or in pathological conditions; 
where there is an alteration in sensorium or elective airway protection needed.
Airway management is defined as an intervention using a technique, maneuver 
or a device to keep its patency, consequently its normal physiological functions have 
been achieved; providing oxygen and removing carbon dioxide.
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Critical illness is a clinical condition belong to a group of medical situations 
sharing the need of intensive care unit (ICU) admission and have either single or 
multiple organ dysfunction. Critically ill patients showing different gradations of 
snags to maintain the airway and subsequently derangement of aerobic metabolism 
exists. Optimization of oxygen supply is needed, as dramatic rise of both work of 
breathing and oxygen demand exist.
Hypoxemia is a medical condition where the partial pressure of oxygen in the 
arterial blood (PaO2) is lower than normal. A PaO2 value of less than 60 mmHg in 
normal individuals with healthy lungs; corresponds to arterial oxygen saturation 
(SpO2) of 90%, is used as a cut point for hypoxemia treatment initiation. There 
are many causes and mechanisms of hypoxemia which required management via 
oxygen administration. Critically ill patients commonly showing hypoxemic status 
on the time of admission and oxygen supplementation should be considered in all 
with high flow delivery system (15 L/min) until becoming stable then reduction 
of inspired oxygen concentration (FIO2) to achieve a target of SpO2 of 94–98% or 
88–92% for patients with risk of hypercapnic respiratory failure [1].
1.1 Physiological consideration
Airway is the natural passages of the airflow, inaugurated by nose and mouth 
downwards to the alveoli in the lungs, where the gas exchange takes place involun-
tary. Airway patency is mandatory for life and it’s the responsibility of pharyngeal-
laryngeal muscles tonic control and muco-ciliary system’s clearance of mucus and 
foreign particles.
The airflow via the airway is intermittent and biphasic; inwards during inspira-
tion and outwards during expiration. The work of breathing is a potential energy 
stored in the lung tissues during inspiration that exists by the work of overcoming 
the elastic forces and resistance in the airway to be enough for subsequent expira-
tion. In compliant, healthy lung this work of breathing does not consume a portion 
of the body’s energy needs and its daily fraction is less than 3% of total body energy 
requirement [2].
Impaired consciousness, associated cervical spine trauma, burns and pulmonary 
shunt causing rapid desaturation and impedes preoxygenation. Besides, limited 
time for airway management before life-threatening hypoxia, hemodynamically 
(HD) unstable, imminent risk of collapse before intubation, tricky standard induc-
tion drugs effects provoke time pressure environment.
Cessation of the desirable airflow in critically ill patients could be due to a 
variety of reasons, foremost of those is the airway obstruction. Airway obstruc-
tion might occur at any, upper parts; due to foreign body, mucus, secretions, blood 
and decreased sensorium or lower parts; due to aspiration, infection and spasm of 
bronchial muscles. Different maneuvers and devices used to eliminate the airway 
obstruction thus maintenance of airflow will be gained.
Airway management in critically ill patient aimed for:
1. Improving the oxygenation.
2. Airway protection and prevention of pulmonary aspiration.
3. Adjunct for procedures; diagnostic e.g. bronchoscopy or therapeutic e.g. band-
ing of bleeding esophageal varices.
4. Relieve the distress of dyspnea.
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5. Reduce the work of breathing.
6. Improve CO2 clearance.
7. Altered sensorium, required airway protection.
8. Others in ICU.
1.2 Anatomical consideration
Critical illness and its management protocols might hinder the airway anatomy, 
fluid resuscitation and capillary leak makes the airway edematous and distorted. 
Furthermore, the patient demography, body mass index (BMI), associated neuro-
logical and cardiopulmonary comorbidities, and the indication of ICU admission 
contribute to anatomical difficulties.
1.3 Devices of oxygen delivery
Oxygen (O2); is an inert gas essential for life, being inspired through the airway 
and transported via the lungs towards the blood to be used in cellular respira-
tion and delivery of energy needed for body metabolism. Human body uptake of 
oxygen in concentration of 20.95% from air by natural airways; nose and mouth, 
transported down along the conductive airways to be resting in the alveoli where 
the gas exchange happening. Physiological and pathological conditions required 
an increased FIO2 to meet the body oxygen requirement and its high demand. 
Devices are designed to facilitate oxygen delivery from artificial oxygen sources 
in correspond to the target of FIO2, patient’s breathing effort and patient’s device 
compliance [3].
All critically ill patients must have high-flow oxygen delivery device (15 L/min), 
until stable status achieved, then oxygen requirement could be individually deter-
mined depending on the existing pathology. Patient’s breathing effort is the primary 
determinant for the oxygen delivery device selection. Critically ill patients might 
be one of two groups; spontaneous breathing group or assisted ventilation one and 
each group has a preference in oxygen delivery system [4].
1.3.1 Spontaneous- breathing group
Patients with breathing effort requiring O2 delivering device matched for their 
breathing power. (Table 1).





2 - 15 Unknown; depend on 
patient’s effort and O2 
flow rate
Simple face mask, face mask 





High, up to 45 Well-known, fixed. All obey a principle of high 
airflow O2 enrichment 
(HAFOE). (Figure 2)
Table 1. 
Oxygen delivery devices [3].
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Figure 1. 
Oxygen delivery devices (simple face mask with reservoir bag & nasal cannula).
Figure 2. 
Oxygen delivery devices (HAFOE).
Figure 3. 
Oxygen delivery devices. (bag-mask with self-inflating reservoir bag).
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1.3.2 Assisted ventilation group
In this group of critically ill patients, failure to maintain oxygenation and/
or ventilation despite an increase in FIO2 or development of apnea and indicated 
mechanical ventilation (MV), airway supporting device might be perpetual or 
temporary as a bridge till the steady one is fixed. Noninvasive positive pressure ven-
tilation (NIPPV), could have both properties as it might be a tie till improvement or 
securing definitive airway securing device suitable for MV.
Bag-mask with self-inflating reservoir bag; (Figure 3) is considered the simplest 
and commonest O2 delivery device used in critically ill patients for oxygenation 
until an airway securing device fixed. It provides FIO2 close to 100% while the only 
O2 delivery device able to provide 100% FIO2 is the anesthetic breathing system.
2. Airway management in ICU
Airway management in ICU is unlike that carried out in operation theater (OT) 
and higher in its complications; brain damage and death, and most of it is done on 
urgent and emergency basis in lack of experienced airway management profession-
als. In addition; critically ill patients showing limited cardiopulmonary reserve, 
this increases their risk of hypoxemia and hypotension upon exposure to airway 
management medications. Subsequently, tracheal intubation for those categories 
of patients could be life-threatening condition; up to 40% of patients are associ-
ated with increase in complication rates of hypoxemia (25%) [5] and hypotension 
(10–25%) [6],arrhythmia, cardiac arrest and death [7] upon exposure to airway 
stimulation or pharmacological agents used for it.
Incapacity to perform tracheal intubation at the first attempt “first pass success” 
has higher risk than that in OT and occurs in 30% of ICU intubations [8]. Many 
factors contribute to that; lack of competent and expert professional for intubation, 
patient’s factors and pharmacological agents’ dosage choices. This came with the 
conclusion of Fourth National Audit Project (NAP4), as it showed around 25% of 
airway management done in ICU & ED are associated with major adverse effects 
mostly due to the aforementioned factors [9]. Moreover, equipment unavailability, 
unfamiliarity and inadequate planning resulting in more stressful environment and 
subsequently delay in airway management with increasing morbidity and mortality.
ICU settings are not suitably planned for airway management due to several 
reasons. Limited access to the patient as the bed space is crowded by monitor-
ing, ventilator and other equipment, (Figure 4) in addition of the ICU bed is less 
maneuverable compared to the OT table with unavailability of advanced airway 
management equipment making it more challenging. Moreover, varying team 
members of multi-professional backgrounds with non-enough time, experience, 
accompanying medical devices (collars, masks) and sensorium alteration lead to 
improper airway assessment beside and inability to ensure adequate preoxygenation 
necessary to avoid the hypoxia during airway instrumentation. Moreover, unavail-
ability of trained assistance such as anesthesia nurse or technician and lack of 
structured airway management for ICU staff.
Communication and proper documentation of the airway assessment and its 
management throughout different hospital facilities is crucial and it might affect 
the workflow performance. Checklist is the best method of communication among 
the healthcare professionals from different medical background. Equipment, medi-
cations preparation checklist and proper assignment of human forces could make 
the airway management scenario less stressful and empower its success among 
critically ill patients.
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Quite few challenges could be integrated in airway management for ICU adults, 
so we can wrap up the considerations and specific precautions that must be accom-
plish making it less pressure and successfully performed procedure. (Table 2).
2.1 Pre-intervention stage
Thorough clinical assessment and prediction of threats that may limit the suc-
cess of airway management of critically ill patients could be addressed in this time. 
Also, optimization of all factors; position, preparation and preoxygenation, accen-
tuates the accomplishment of proper airway management intervention.
2.1.1 Airway assessment challenges
Not only thorough assessment of the airway in critically ill patient is vital for 
successful and safe management but it is unique and carries challenges as compared 
to that done for patients undergoing daily elective or emergency airway manage-
ment. Varieties airway assessment modalities, techniques and scoring system had 
been proposed to allow its safe and easy practice management. Despite the anesthe-
siologists’ or intensivists’predictions of anticipated airway difficulties are a strong 
diagnostic modality with high positive ratio, but the high proportion of unantici-
pated difficult endotracheal intubation and its low positive predictive values limits 
its reliability as a diagnostic test in medical practice [9].
Moreover, the proposed airway assessment scales vary from the simple, that often 
fail to address the many factors associated with a difficult airway, to the complex, which 
are impractical as a clinical tool. None have been shown to be accurate in predicting 
airway management problems, and none have been assessed in the ED setting [10].
NAP4 reports identified frequent airway management failure rate and the high-
risk airway patient’s identification was not managed through an appropriate airway 
management approach [9].
Standard airway assessment in critically ill patients is usually unfeasible and difficult 
to be done especially in those dependent on oxygen delivery devices; face mask or nasal 
cannula, to avoid hypoxia and provide adequate preoxygenation. The only validated air-
way assessment scoring system reliable for critically ill patients is the MACOCHA score 
Figure 4. 
ICU bed vs. OT space (showed crowding with monitoring, equipment and ventilators).
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(Table 3) [11]. It has the advantage of being created with easy identifiable and clinically 
appropriate variables. Additionally, its used objectives are close to those identified in OT 
and include risk factors associated with difficult tracheal intubation [12]. Considering 
any investigations of the airway that already done; such as chest x-ray, CT scan and 3D 
and Virtual Endoscopy (VE) could be helpful in airway evaluation and might be derive 
the plan for airway management in critically ill patients [13].
Challenge Consideration Precaution
ICU environment ICU space; • Ideal stuff positioning
Equipment; • Standard airway trolley 
availability
• Advanced airway; VL, FOB, 
Bougie available
Team member; • Team members briefing and 
specific task assignment
Patient-related Physiological; • HO instability • Optimization & vasopressors 
proactively use.
• Pulmonary shunt • Optimal preoxygenation with O2 
delivery devices.
• Limited reserve 
& time for airway 
management
• Systematic, logical, and 
strategic airway management 
techniques escalation.
Anatomical; Anticipation and plan for failure.
Difficult airways; • Recognition and readiness for 
difficulties.
• MACOCHA score use.
• Reduce number of attempts.
• Appropriate induction medica-
tions, NMBS is routine.
• Plan for failure.
• Consider FONA.
Urgency; • Checklist in preparation and 
communication.
• Follow up guidelines & 
standardized protocols.
Pharmacological agents; • Ketamine is recommended.
• Avoid over sedation.
• Routine use of NMBS.
• Consider induction time longer 
than traditional.





Red flag recognition; • ETT obstruction, displacement.
• Ventilators mechanics and 
Monitoring: ETT related.
Abbreviations definition; VL: video-laryngoscope. FOB: fiberoptics laryngoscope. MACOCHA: Mallampati 
score, Apnea syndrome, Cervical spine limitation, Opening mouth, Coma, Hypoxia, Anesthesiologist non-trained. 
FONA: front of neck airway. NMBS: neuromuscular blockers. RSI: rapid sequence induction. DSI: delayed sequence 
induction
Table 2. 
ICU airway management challenges, considerations and precautions.
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It’s recommended to define the cricothyroid membrane for possible front of neck 
airway (FONA) as a strategy of a plan for failure. This could be done by manual 
palpation; laryngeal handshake technique [14] (Figure 5) or using ultrasound that 
is accurately defining cricothyroid membrane site, measurements and surrounding 
structures such as thyroid gland and its vessels [15].
2.1.2 Preparation and preoxygenation challenges
Formerly it’s mentioned that; checklist, proper communication, documenta-
tion and team briefing with specific task assignment is a key for successful airway 
management in critical settings. Standard pre-intubation checklist has been devel-
oped via Difficult Airway Society (DAS), Intensive Care Society (ICS), Faculty of 
Intensive Care Medicine (FICM) and Royal College of Anesthetists (RCoA), United 
Kingdom solving this high-pressure situation (Figure 6).
Efficient preoxygenation with end-tidal oxygen concentration of more than 
85% is the target [16] must be done in parallel to assessment and preparation. 
Traditional techniques are somewhat doing this task [17] and the choice of oxygen 
delivery device depends on the patient’s comfort, device availability and the indica-
tion for intervention. Although use FIO2 of 100% with high flow rate; 10–15 L/min 
Factors Points
Factors related to patient Mallampati score III or IV
Obstructive sleep apnea syndrome (OSA)
Reduced mobility of cervical spine.









Factors related to operator 1
Total: 12
Abbreviations definition: MACOCHA= Mallampati score III or IV, Apnea syndrome, Cervical spine limitation, 
Opening mouth <3cm, Coma, Hypoxia, Anesthesiologist non-trained.
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in a tight-sealed facemask for 3 minutes could be enough in intact spontaneously 
breathing derive [18] but the use of simple face mask even with reservoir bag is not 
recommended [19]. Moreover, non-invasive positive pressure ventilation (NIPPV) 
and continuous positive pressure ventilation (CPAP) could be alternatives for pre-
oxygenation in seriously hypoxic patients resulting in improved oxygenation and 
prevention of atelectasis associated with FIO2 of 100% via supporting the minute 
volume ventilation (MVV) [20].
High flow nasal oxygenation (HFNO) between 30 and 70 L/min is a suitable 
method for preoxygenation that showed safety to extend the safe apnea time during 
airway instrumentation and effectiveness when combined with NIPPV use [21]. 
Not only, continuous positive airway pressure (CPAP) delivery with a tight-sealed 
facemask of 5–10 cm H2O is recommended for preoxygenation, but also, the use 
of nasal oxygen with a flow of 5 L/min throughout airway management [19] and 
might be achieved by NIPPV especially in patients with respiratory failure [20].
Plan for failure must be the strategy of airway management planning, allowing 
logical and prepared expectations for different scenarios that might occur during 
the procedure. The guidelines resulted from collaborations of DAS/ICS/FICM/
RCoA in United Kingdom with the aim of providing structured, standard and sys-
tematic approach of airway management in critically ill patients with the concern 
of not being a replacement of clinical judgment but rather an organizational and 
individual framework for clinical practice preparation and health care professionals 
training [19] (Figure 7).
Providing the patient’s comfort, upper airway patency, optimizing functional 
residual capacity and decreasing aspiration risk; sniffing position is desirable as an 
initial position for airway management in critical settings, [22] while titration of bed 
head-up if cervical spine injury was suspected or confirmed [22, 23] and with preva-
lence of obesity among population, ramping position could be an  alternative [24].
All airway management in critical settings must be carried out in presence of 
standard ASA monitoring; electrocardiogram (ECG)/heart rate (HR), non-invasive 
blood pressure (NIBP), pulse oximetry with oxygen saturation (SPO2), end-tidal 
carbon dioxide (EtCO2) [25]. Invasive blood pressure (IBP) is desirable either 
vasopressors in-use or HD instability is most likely expected and end-tidal oxygen 
concentration (EtO2) monitoring; if available.
Figure 6. 
Pre-management preparation; patient, equipment, team assignment.
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2.1.3 Anesthesia induction and pharmacological considerations
Hypnosis, analgesia and skeletal muscle relaxation is a triad to commence 
general anesthesia required for airway management and instrumentation. A variety 
of pharmacological agents are described to achieve this task with specific consider-
ations in dosing titration, delayed onset and extended effect duration.
Airway management of critically ill patients is mostly carried out in ICU while 
the risk to be done in non-ICU suites still considerable. Non-ICU suites include pre-
hospital area, emergency department, radiology department and inpatient ward 
which carry the risk of difficultly and hence increase in adverse consequences of 
airway management, that will be discussed separately in corresponding chapters.
Figure 7. 
DAS/ICS/FICM/RCoA guidelines for ETI in critically ill patients.
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There are many factors recommended to reach the optimal airway management 
in critically ill patients including; intravenous induction agents, use of fast onset 
neuromuscular blocking agent (NMBA), precautions against pulmonary aspiration, 
laryngoscopic techniques aimed at first-pass success, and confirmation of success-
ful tracheal intubation by waveform capnography.
Rapid sequence induction and intubation (RSII) is a technique commonly used 
to protect the airway against gastric contents aspiration and modified to be imple-
mented in some clinical circumstances. A classic RSII consists of oxygen admin-
istration, application of cricoid pressure, and the avoidance of mask ventilation 
before insertion of an endotracheal tube (ETT) for airway securement [26].
A modified RSII in comparison to a classic RSII is to attempt for lung ventila-
tion using positive-pressure ventilation via a facemask [27] before airway secure-
ment by ETT.
Delayed sequence intubation (DSI) seems to be safe, effective and could offer 
an alternative of rapid sequence induction in patients requiring emergency airway 
management who cannot tolerate preoxygenation or peri-intubation procedures 
[28]. The ideal DSI induction agent is Ketamine as it preserves airway reflexes and 
respiratory drive permitting preoxygenation and procedural sedation. DSI tech-
nique steps are; ensure the patient has a patent airway, place standard nasal cannula 
at 5 liters/min in awake patient and increases to 15 liters/min in unconscious one 
prior to placement of the preoxygenation device. Preoxygenation device choices 
based on the patient’s SpO2: if SpO2 > 95% use bag-valve-mask (BVM) with PEEP 
valve and a good seal at 15 L/min O2, or non-rebreather (NRB) mask and a good 
seal at 15 L/min O2 (or more) while SpO2 < 95%: use BVM with PEEP valve and a 
good seal and preoxygenate for at least 3 minutes [19].
2.1.3.1 Induction agents
Choice of induction drug is according to hemodynamic status of the patient; 
Ketamine is increasingly favored in most circumstances [29]. Administration of 
a rapidly acting opioids enables lower doses of hypnotics to be used, maintaining 
cardiovascular stability and minimizing changes of intracranial pressure.
Etomidate as an induction agent is not a first line for intubation in the critically ill 
patients because the other induction agents have been successfully used without risk 
of adrenal suppression. Its relative value of short-term hemodynamic stability that 
is accompanied by a potential adverse effect of adrenal suppression making its use as 
an anesthetic induction agent in critically ill patients is controversial, although it pro-
vides excellent intubating conditions. [30] Another meta-analysis also investigating 
non-intubation-related adverse effects of Etomidate in critically ill patients stated 
that its use is not worsening of mortality, organ dysfunction or resource utilization, 
even if it’s adverse effects on adrenal gland function. [31] It’s found that hypotension 
was more prevalent in patients receiving Etomidate compared with Ketamine in the 
first 24 hours after intubation and subsequent mechanical ventilation. [32]
Moreover, Propofol has temporary hypotension episodes as compared to 
Etomidate, but there is no difference in patients requiring vasopressors after 
24 hours. [33] Propofol and Ketamine mixture may have an improved hemody-
namic profile compared with Etomidate. Few studies evaluated Etomidate versus 
Ketamine, finding no difference between them. [34]
Dexmedetomidine, Remifentanil and Droperidol have been suggested as induc-
tion agents for DSI, but these agents do not have the same pattern of Ketamine as 
rapid onset, preservation of airway reflexes, intact respiratory drive and safety 
profile. Fentanyl have a significant sedative effect in addition to analgesia, that may 
be helpful when titrated to the desirable effect and to avoid over sedation.
Special Considerations in Human Airway Managements
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NMBA improves intubating conditions, facemask ventilation, nasogastric tube 
insertion hence, reduction in the number of intubations attempts and optimizing 
chest wall compliance. [35] Succinylcholine has many side-effects including life-
threatening hyperkalemia and its short duration of action can spared for difficult 
intubation scenarios. Rocuronium could be the choice in the critically ill patients, 
providing similar intubating conditions to Succinylcholine and can be antagonized 
using Sugammadex. [36]
Graded sedation intubation without use of NMBA has also been proposed and 
clinically considered for technique of choice of airway management in critically ill 
patients. [37]
2.2 Intervention stage
This is the subsequent stage, that follows patient’s optimization achieved 
through concomitant preoxygenation, positioning and preparation of staff, equip-
ment and medications. It is a highly stressful time and must be carried out in a 
strictly controlled and strategic manner.
Current guidelines state four main routes or plans as standard practice and 
should be done in sequence. From practical point, we believe that algorism might be 
modified or interchanged according to the given circumstances, such as in ED and 
prehospital critical settings, health care professionals could go for plan B/C straight 
away bypassing plan A because of limited facilities and unsuitable environment that 
mandate minimal airway manipulation with accomplishment of securing airway 
patency, proper oxygenation and/or ventilation.
2.2.1 Plan A
Plan A stresses on maintenance of oxygenation either via continuous nasal 
cannula or interrupted facemask application between laryngoscopic attempts and 
allowing enough time for desirable effect of pharmacological agents, laryngoscopy 
attempts using direct (DL) or video-laryngoscope (VL).
With a maximum of three trials, confirmed endotracheal intubation (ENI) 
through capnography with waveform trace and direct visualization of ETT pass 
beyond the vocal cords, the call for help of the appropriate help once failed first 
attempt is a must. Absence of wave trace capnography is a confirmation of failed 
ETI after exclusion of other causes such as ETT obstruction, pulmonary edema and 
cardiac arrest. Chest auscultation and its rise during inspiration are rarely used as 
indicator for successful ETI in critically ill patients. [38]
First attempt of ETI, must be done by the most trained, proficient available and 
must have all team support and consideration of manoeuvers or manipulations with 
the aim of improving laryngoscopy is recommended after failed first attempt. [19] 
Operator replacement and equipment change; use of a different blade, addition 
of others; bougie and external laryngeal manipulation might be reasonable and 
helpful.
Despite of fulfilling all the available recourses to achieve an optimal laryngo-
scopic view, with failure of the ETI attempts, either three done or not, the team 
leader must swiftly proceed to the next airway management plan. DL is the stan-
dard use in ETI during daily clinical practice hence its use experience is granted. 
On the other hand, VL should be in preparation for difficult situation; MACOCHA 
score > 3 [11] and ensure its availability for critically ill patient management. DL 
versus VL is the choice of the professionals involved in the airway management 
scenario and could be the device selected for first attempt according to the institu-
tional policy and training preferences. [39]
13
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2.2.2 Plan B/C: (backup plan)
Critically ill patients’ lifesaving by maintaining oxygenation during airway man-
agement is the priority and failed ETI [8] in the preceding plan A could resulted in 
sever hypoxemia [6, 40] that has several serious consequences. It’s the responsibility 
of the team leader to ensure maintenance of adequate oxygenation throughout the 
stages of airway management. ETT considered as a standard and definitive airway 
securing device while alternatives used to provide oxygenation in scenarios of failed 
ETI such as supraglottic airway (SGA) devices and facemask ventilation device.
SGA is considered as a plan B rescue device which consist of variety of devices 
used for the same purpose; securing upper airway patency that does not require 
long experience. Facemask ventilation used as a plan C with the purpose of provid-
ing O2 till an alternative being fixed. DAS/ICS/FICM/RCoA guidelines use SGA 
(plan B) and facemask ventilation (plan C) alternatively to ensure oxygenation after 
plan A failure confirmation with maximum three turn attempts. [19]
Second-generation laryngeal mask airways (LMA) not only possess a design 
of providing oxygenation, reduce the aspiration risk and conduit for fiberoptic 
intubation (FOI) [40], but also, promising successful performance in critical areas 
have been reported [41] so, it’s the model of SGA devices to be considered in stan-
dard practice and should be available in the difficult airway management trolley. 
Provision of oxygenation, airway securing, avoidance of aspiration with minimal 
airway trauma, constantly remain the goals throughout the intervention and sub-
sequent plan to awake patient, wait for airway expert, Fiberoptic Intubation (FOI) 
through LMA attempt for once or proceed to FONA remains the area of discussion 
among the airway management team. [19]
Basically, it’s not recommended to proceed for blind ETI via LMA, [42] on the 
other hand, FOB accessibility in ICU should be granted. [14, 43] There are alterna-
tives to perform LMA/FOI-guided either using small ETT 6.0 mm inner diameter 
mounted over the FOB to be advanced through LMA or using Aintree intubation 
catheter (Cook Medical, Bloomington, IN, USA), that permits ETT > 7.0 mm 
inner diameter without interruption of oxygenation. Blind ETI with use of either 
gum elastic bougie or tube exchange catheter (Frova catheter; Cook Medical, 
Bloomington, IN, USA) is not advisable in critically ill patients as it’s associated with 
tracheal injury, pharyngeal perforation, bronchial bleeding and accused for subse-
quent positive pressure ventilation-related pneumomediastinum. [44]
2.2.3 Plan D; life-saving front of neck airway (FONA)
Life-threatening hypoxemia development in critically ill patients is frequent 
[45] and might be encountered at any stage of airway intervention, hence its 
prevention though ETI (plan A), SGA and facemask (plan B/C) use is emphasized. 
Not only, plan of failure with serious hypoxemia elaboration could drive towards 
FONA (Figure 8) but also, inadequate minimal oxygenation, aspiration, dif-
ficult ventilation and failure of LMA/FOI are potential indications. [46] Forever, 
efforts to eliminate cannot intubate cannot oxygenate (CICO) scenario must be 
maintained and its causes must be corrected while preparation of FONA is being 
proposed. The possible reasons for CICO might be related to patient’s (airway; 
impacted foreign body or laryngeal narrowing either from inside as laryngeal 
edema or from outside as high cricoid pressure), cardiovascular collapse or related 
to equipment failure.
Late FONA during airway management scenario is common and is responsible 
for its associated morbidity and mortality. [43, 47] FONA setup prior to and at 
declaration of CICO occurred in three steps; immediate availability of FONA set, 
Special Considerations in Human Airway Managements
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opening the set after one failed attempt of plan B/C and immediate FONA set use 
on CICO declaration. [19]
FONA either scalpel cricothyroidotomy or other techniques; which need 
experience, specific preparations and include non-scalpel cricothyroidotomy, 
percutaneous tracheostomy and surgical tracheostomy. Scalpel cricothyroidotomy 
recommended in DAS guidelines offers the following advantages; timesaving, 
reliable, conducted in few steps with well-known immediately available equipment, 
Figure 8. 
Plan D protocol in DAS/ICS/FICM/RCoA guidelines.
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high success rate, fitting for most of patients and providing definitive airway 
device. [48] For a brief technique steps of scalpel cricothyroidotomy and tracheos-
tomy in ICU, will be discussed in another chapter.
Plan D (FONA) failure means a bad scenario that carries poor prognosis and must 
be avoided by follow-up FONA steps in a proper way as once it encountered, non-scal-
pel cricothyroidotomy by experienced professional, percutaneous dilatable tracheos-
tomy and surgical tracheostomy have to be proposed immediately without delay.
2.3 Post-intervention stage
2.3.1 Post-intubation care
Not only providing airway securing device in critically ill patients is highly chal-
lenging, but post airway securing maintenance is also important to prevent airway 
displacement or obstruction. In addition of airway care, sedation and/or muscle 
relaxation are typically administered. They are not only having high-risk during 
intubation but also afterwards in rates of 82%; airway displacement and blockage, 
with 25% leading to death. [49]
Furthermore; postintubation hypoxia occurred from multiple attempts, inter-
ruption of oxygenation, alveolar de-recruitment and collapse, and changes in the 
alveolar gas exchange may indicate an increase in initial lung volumes settings and 
benefiting from recruitment manoeuvers. [38]
Attention payed towards recognition of red flag in intubated patients such as 
absent air entry on auscultation, abnormal EtCO2, increasing peak airway pressure 
(PAP), unattained inhaled tidal volume and abnormal chest x-ray findings, man-
date immediate management.
2.3.2 Weaning and extubation
Airway securing device in critically ill patients might be temporary for bridg-
ing a reversible and treatable medical disorder or permanent for irreversible and 
long-term pathology that demanding it. The former, long-term medical conditions, 
alternative tracheostomy have to be considered with a debate of its timing, On the 
other hand in reversible and corrected medical conditions; weaning and extubation 
must be considered in due time to avoid complications of prolonged ETT. Critically 
ill patients’ intubation is challenging and extubation does too.
Tracheostomy might be an alternative of ETT as a definitive airway in criti-
cally ill patients in incidence of 7–19% [50] while extubation is the plan once the 
circumstances permit. Extubation is an elective procedure and mandates careful 
evaluation, preparation with the target of maintenance of oxygenation and stand-
by intubation plan if extubation failure takes place.
DAS incorporated extubation guidelines in anesthesia practice and could derive 
that in ICU and summarized in four steps; [51].
Step 1: Plan for extubation:
i. Considering the reasons for intubation in addition of the complications 
of prolonged dependence on ETT and its anatomical and physiological 
consequences.
ii. “At-risk” extubation is a term used to describe the possible hazards associ-
ated with extubation process and must be considered in the plan step, 
especially the pre-existing factors.
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iii. A difficult airway trolley equipment and monitors should be immediately 
available for use.
Step 2: Prepare the extubation:
i. Target for optimization of airway and spontaneous ventilation to ensure the 
success of extubation.
ii. This could be carried out by different methods such as ETT cuff leak test; 
to exclude laryngeal edema, spontaneously breathing trial (SBT), gastric 
decompression; as gastric distension results in diaphragmatic splint and 
breathing restriction. The plan for airway rescue must be considered and 
discussed in preparation.
Step 3: Perform extubation:
i. Avoid interruption of oxygenation by pre-extubation oxygenation via FIO2 
of 100% O2.
ii. Patient’s position; without adequate supporting evidence any one over the 
other, it’s advisable extubation in head-up or semi-recumbent position 
especially in obese patients.
iii. Gentle suctioning of oropharyngeal cavity and extubation in fully 
awake state or conscious-sedation state using Remifentanil [52] might be 
alternatives.
Step 4: post-extubation care:
i. Beware of Warning signs of early airway compromise; stridor, obtunded 
breathing and agitation.
ii. Standard monitoring should be continued in post-extubation phase.
iii. Standard respiratory care for patients with airway compromise.
iv. Upright position, and high-flow humidified oxygen administration.
v. Documentation and recommendations for future management.
vi. Clinical details and instructions for extubation and post-extubation care 
should be recorded focusing on difficulties and details of airway manage-
ment and future recommendations should be recorded.
2.4 Special circumstances
1. Airway management for ICU procedures like bronchoscopy, please refer to 
other chapters.
2. Full stomach in ICU, will be discussed in another chapter.
3. Previous tracheostomy that recently disconnected, it’s advisable to re-cannu-
late the stoma but proceed for FONA should not be delayed. [19]
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4. ETT exchange in ICU remains common for many reasons that happening fre-
quently such as ETT displacement or occlusion by crusted mucus, cuff rupture 
or surgical procedures mandate other ETT type. This task has to be taken seri-
ously and reviewing the initial ETI documentation is essential and will provide 
a logical ETT exchange plan. Tube-exchange catheter is designed for that, 
providing its use with DL or VL which has superior glottic view, greater success 
rate and fewer complications [53]. New ETI could be another alternative but 
with the previous ETI documentation, all precautions and recommendations 
discussed earlier must be considered.
5. Varieties of abnormal clinical status might be accompanying the airway 
management in critically ill patients such as obesity, burn, pregnancy etc.… 
and required specific considerations, please review the book chapters for more 
details.
6. Specific alteration in airway management in COVID19 might be considered 
despite few data available. High Flow Nasal Cannula (HFNC) suggested to re-
duce the requiring supported ventilation [54] and NIV might reduce the rate of 
tracheal intubation [55]. Tracheal intubation in COVID 19 patients is consid-
ered as highest risk for health care professionals cross-infection and could be 
carried out in controlled environment [56]. More details about this topic will 
be available in specific chapter.
3. Training & skills maintenance
Critically ill patients usually are underestimated as specific airway difficulty and 
being at high risk of failure. Not only due to infrequent training of focused airway 
and crisis management but also, physicians may neither have anesthesia rotation 
nor airway skills required for difficult airway management. Training on sole skills 
performance is unsatisfactory to achieve maximum safety [57] and ineffective 
teamwork that includes poor communication, lack of shared targets, situational 
awareness, role assignment, leadership, coordination, mutual respect and post-
event debriefings is associated with poor patients’ outcome [58].
Focused risk assessment training, prevention of hypoxia, airway red flags, early 
call for help and request for advanced airway skills in concomitant with specific 
protocols and guideline presented. Team training, focused airway management 
training courses and workshops including simulation-based education are crucial 
and step up for airway management in both ED and ICU suites.
The crisis resource management (CRM) techniques from aviation industry has 
been advocated for use in ICU to promote a team approach to patient care and safety 
in critical settings [59] The committee on quality of healthcare in America believes 
that health care organization should accomplished team training programs for 
health care professionals in critical care areas using demonstrating message such as 
crew resources management techniques employed in aviation, including simulation 
as people make fewer errors when they work in teams. [60]
4. Conclusion
Airway management in critically ill patient continues to be challenging for health 
care professionals even for expertise requiring implementation of specific guidelines 
and protocols to eliminate the its adverse consequences. Airway management tools 
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and skills needed, could be attained through formal training by anesthesia clinical 
rotation, airway management courses, workshops and simulation training.
Teamwork is a key for success and must be proceeded by debriefing and specific 
task assignments. Plan of failure in a step wise approach for success and airway 
management should be considered early without delay that will be associated with 
more difficulties and unwanted outcome.
Optimization of oxygen delivery throughout the airway intervention is manda-
tory and should not be compromised for any reason. FONA should be considered 
in primary preparation and must be done in appropriate time without delay. 
Documentations and records must involve all stages of airway management and 
include details of difficulties.
© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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